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Figure 1: Participants of the SOLAS Open Science Conference 2024. 

As this event summary is being written, the 
news tells us that the Southern California 
wildfires in January 2025 will cost an estimated 
$250 billion in economic loss. This is only one 
example of extreme events brought by climate 
change. The Surface Ocean-Lower Atmosphere 
Study (SOLAS) has been dedicated to 
understanding the key biogeochemical-physical 
interactions and feedbacks between the ocean 
and atmosphere for the past two decades. Over 
this time, this interface has only become more 
important and relevant with climate change and 
increasing awareness of the science-social 
dimensions relating to the use of the oceans. 
From 10-14 November 2024, SOLAS organised 
the 9th SOLAS Open Science Conference 
(OSC) in Goa, India, to celebrate the 20 years of 
success of SOLAS and look forward to its 3rd 
decade. The conference brought together 
approximately 250 participants from 25 countries 
and regions to share their recent research 
findings and network with colleagues worldwide. 

 

The OSC 2024 featured 32 plenary talks and 97 
poster presentations, which were aligned with 
the core themes and cross-cutting themes of the 
SOLAS 2015-2025 Science Plan. 

 

Sam Dupont from the University of Gothenburg 
delivered a keynote talk for core theme 1 
"Greenhouse gases and the oceans", 
highlighting the importance of bridging chemical 
changes at different temporal scales with 
biological response to address ocean 
acidification. The session of core theme 2 "Air-
sea interface and fluxes of mass and energy" 

featured the work of Shikha Singh from the 
Indian Institute of Tropical Meteorology on the 
role of mixed layer depth (MLD) in mediating air-
sea interactions. Core theme 3 "Atmospheric 
deposition and ocean biogeochemistry" is 
dedicated to exploring the impact of particles of 
continental origin that enter the ocean from the 
atmosphere. Catarina Guerreiro from the 
University of Lisbon discussed how calcifying 
phytoplankton responds to aeolian dust 
deposition. The keynote presentation of core 
theme 4 "Interconnections between marine 
ecosystems, aerosols and clouds" was given by 
Manuela van Pinxteren at the Leibniz Institute 
for Tropospheric Research, emphasising the 
interplay of the three components in the climate 
system. Core theme 5 "Ocean biogeochemical 
control on atmospheric chemistry" focuses on 
how marine aerosols and reactive gases impact 
the atmosphere. Yee Jun Tham from Sun Yat-
sen University introduced his study on the 
heterogeneous recycling of reactive halogens in 
the marine atmosphere.  

 

The study of the five core themes has been 
integrated to understand key environments, 
such as upwelling systems, polar oceans and 
sea ice, and the Indian Ocean. The keynote 
presentations of these three sessions were 
delivered by Boris Dewitte from the Center of 
Advanced Studies in Arid Zones, Jessie 
Creamean from Colorado State University and 
Tanya Marshall from Princeton University, 
respectively. The cross-cutting theme "SOLAS 
Science & Society" focuses on SOLAS research 
with social relevance and on activities that 
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Figure 2: Photo gallery of plenary sessions and poster sessions. 

 
directly impact society by bringing natural and 
social scientists together. The keynote speaker 
of this session, Erik van Doorn from the 
University of Wollongong, talked about 
international law & policy concerning the air-sea 
interface. Doug Wallace from Dalhousie 
University introduced ocean-based climate 
intervention with a focus on ocean alkalinity 
enhancement for marine carbon dioxide 
reduction (mCDR) and the use of oxygen 
produced during green hydrogen production to 

protect marine biodiversity from increasing 
hypoxia in coastal waters for the "Climate 
Intervention" cross-cutting theme. 

 

The topic of ocean-based climate solutions led 
to a special session of OSC 2024, which is 
about how the 3rd decade of SOLAS science 
will be structured. SOLAS 3.0 will be organised 
around three pillars, i.e., discovery science with 
a focus on extreme events in the SOLAS 
domain, science towards solutions, and scientific 
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community and skill development. Angela 
Landolfi from the Institute of Marine Sciences of 
Italy gave a plenary presentation on the drivers 
and impacts of extreme events on air-sea 
interactions. Julie Dinasquet from the Scripps 
Institution of Oceanography talked about how to 
foster a SOLAS community built on equity, 
international connections and integration with 
early career scientists (ECS). 

 

In addition to the oral and poster presentations, 
scientists from the SOLAS community and 
partner organisations convened nine discussion 
sessions to identify new research frontiers and 
collaborative opportunities. The OSC 2024 also 
featured an ECS Day, a day of skill development 
lectures and networking activities for ECS. In 
addition, three side events were organised 
before the main conference by the Working 
Group (WG) 163 of the Scientific Committee on 
Oceanic Research (SCOR) on Coupling of 
ocean-ice-atmosphere processes: from sea-Ice 
biogeochemistry to aerosols and Clouds 
(CIce2Clouds), SCOR WG 167 on Reducing 
Uncertainty in Soluble aerosol Trace Element 
Deposition (RUSTED), and the SOLAS Science 
& Society theme team.  More details about the 
discussion sessions, ECS Day and side events 
can be found in the following reports. 

 

The OSC 2024 was closed with a SOLAS India 
meeting to discuss how SOLAS Indian scientists 
can work together and link with the International 
SOLAS community. We sincerely thank the 
tremendous effort that SOLAS India, especially 
the host institution, National Institute of 
Oceanography, has put into the conference. We 
look forward to working with the global air-sea 
interaction and climate science community, 
partner organisations and stakeholders for the 
next decade. See you all at the next OSC. 
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Figure 3: Group photo during the Early Career Scientist Day.

The Early Career Scientist Day (ECSD) marked 
the vibrant beginning of the SOLAS Open 
Science Conference (OSC) 2024 on 10 
November. The event brought together 41 
enthusiastic early career researchers, from 
Masters students to young lecturers originating 
from 12 different countries (Figure 3), creating a 
unique platform for professional development, 

networking, and collaboration. This day, 
thoughtfully curated by the ECSD Committee, 
featured interactive workshops, an engaging 
mentorship initiative, and an inspiring field visit. 
The Early Career Scientist Day set the stage for 
a fruitful SOLAS OSC 2024, empowering 
participants with new skills and networking 
opportunities to advance their scientific journeys. 
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Figure 4: Nidhi Gulati (A) and Dr. Anoop Mahajan (B) 

are giving the Early Career Scientist Day participants 

valuable advice on the role of Multimedia and 

communication in making science cool.  

 

 

 

 

 

 

 

 

 

 

Figure 5: Dr. Shikha Singh enlightens the early career 

scientist about the significant role of mentorship in career 

development.

Event Organisation 

 

The SOLAS-OSC 2024 ECSD was chaired by 
Garima Shukla (CSIR-National Institute of 
Oceanography, India) and supported by a 
dedicated team of young researchers: Mansi 
Gupta (Physical Research Laboratory, India), 
Ranjan Kumar Sahu (CSIR - National Institute of 
Oceanography, India), Ajay Bhadran (National 
Centre for Polar and Ocean Research, India), 
Dr. Morgane Perron (University of Brest, 
France), and Dr. Douglas Hamilton (North 
Carolina State University, USA). Participant 
selection was made upon a registration call 
based on career stage and motivations. A 
creative idea of the ECSD Committee involved 
the creation of ribbon tags to indicate whether a 
conference attendee was an early career 
researcher or attending their first SOLAS OSC 
facilitated meaningful interactions and 
networking opportunities. The ECSD event was 
launched around a welcome dinner on 9 
November, enabling early connections between 
ECS participants. 

 

Workshops for Skills Development  

 

The day began with a workshop titled 
"Communication and Multimedia", led by Nidhi 
Gulati (Communications Director, Springer 
Nature, India) and Dr. Anoop Mahajan (Senior 
Scientist, Indian Institute of Tropical 
Meteorology, Pune, India) (Figure 4A and 4B). 
The session emphasised the importance of 
effective science communication, using social 
networks and multimedia tools to engage a 
broader audience. Topics such as the 
significance of storytelling, clarity in presenting 
scientific ideas, and tips for explaining science 
effectively were discussed. A QR code was 
provided to download worksheets and resources 
for continuous learning. 

 

The second session focused on "Career 
Development and Mentorship", presented by Dr. 
Shikha Singh (Scientist, Indian Institute of 
Tropical Meteorology, Pune, India) (Figure 5). 
This interactive workshop highlighted the pivotal 
role of mentorship in advancing professional 
careers. Participants explored concepts like 
selecting and leveraging mentorship through 

A 
 

B 
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Figure 6: Dr. Douglas Hamilton is introducing the mentorship program, a novel initiative aimed at fostering guidance for new 

researchers. 

 
 

small team role-play activities and wearing, in 
turn, the different hats of a mentor, a mentee, 
and an observer. This dynamic exercise was 
followed by an interactive discussion on the 
roles and relationships of mentors and mentees 
and the evolution of mentorship bonds through 
career stages. 

 

Mentorship Initiative 

 

To wrap up the morning sessions, Dr. Douglas 
Hamilton introduced the SOLAS Mentorship 
Program, an initiative developed by the SOLAS 
Early Career Scientist Committee to foster 
capacity building and support early career-stage 
researchers. A QR code was distributed to 
obtain ECS expectations and feedback on the 
future mentorship program (Figure 6), which will 
be launched during the upcoming SOLAS 
Summer School 2026 in Brazil. 

 

Field Visit and Networking 

 

The day concluded with an enlightening visit to 
the National Centre for Polar and Ocean 
Research (NCPOR), an institution pivotal in 
managing India's Antarctic research stations and 
polar science initiatives. Participants gained 
insights into advanced oceanographic 
measurements and the functioning of Indian 
polar research facilities. Dr. Jenson George, a 

scientist at NCPOR, delivered an engaging 
introduction to the Arctic, Antarctic, and 
Southern Ocean expeditions conducted by the 
centre. His talk provided an overview of the 
scientific operations at the Indian polar stations 
Maitri and Bharati, and traced the history of 
India's significant contributions to polar 
research. Participants were also guided through 
NCPOR's state-of-the-art laboratories, including: 

   

Å Paleoclimatology Lab (Ms. Viola 
Rodrigues): Demonstrations of 
foraminifera cleaning, microscopic 
separation, and magnesium/calcium 
ratios determination using Inductively 
Coupled Plasma Mass Spectrometry 
(ICP-MS) for dating sediment cores.  

Å Electron Probe Microanalyzer (EPMA) 
(Dr. Koushik Sen): A detailed explanation 
showcasing analyses of inorganic 
chemical compositions in rock samples.   

Å Microbiology Lab (Dr. Vipin Das & Dr. 
Jabir T): An introduction to advanced 
instruments, including portable, highly 
accurate DNA sequencers and their 
applications in microbiological research. 

Å Column chromatography (Sai 
Pavankumar Pillutla): The use of 
chromatography to study the geothermal 
vents and the nutrient enrichment was 
explained to the participants. 
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This enriching visit provided participants with an 
understanding of the scientific endeavors at 
NCPOR and the spectrum of 
infrastructures/facilities supporting Indian polar 
research. The day concluded with a relaxing 
exploration of Goa's picturesque beaches and a 
serene sunset at the Japanese Garden, offering 
a harmonious blend of education and leisure. 
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The Scientific Committee on Oceanic Research 
(SCOR) working group 167 aims at reducing 
uncertainty on soluble trace element deposition 
(RUSTED) to the ocean through four main 
objectives:  

1) Identify gaps in the current knowledge on 
aerosol micronutrients and (pollutants) 
solubility in the atmosphere and their 
bioavailability in the ocean. 

2) Complete the first large scale aerosol 
trace element solubility laboratory 
intercomparison study and use it to 
recommend a "reference leaching 
protocol" to be used in future studies.  

3) Refine the understanding of aerosols' 
trace elements chemical composition, its 
link to environmental processes and to 
oceanic solubility using atmospheric 
tracers. 

4) Use RUSTED new understanding to 
validate and fine tune Earth System 
model outputs on atmospheric trace 
element solubility. 

 
To achieve its goals (Figure 7), RUSTED 
actively engages with the wider community 
working at the air-sea interface, including 
SOLAS and GEOTRACES. The Working Group 
participates actively in feeding discussions and 
stimulating networking across relevant 
disciplines. Deliverables of the RUSTED working 

group by the end of its term will include: a 
suggested reference protocol for assessing 
aerosol trace element solubility, a glossary to 
unify terms used in this discipline, and a 2-stage 
development for the construction of an open-
access database for trace element solubility and 
other relevant data. 
 
The RUSTED Working Group was actively 
represented during the SOLAS Open Science 
Conference 2024, with the organisation of an 
early career researcher (ECR) workshop on 9 
November, and through a discussion session, 
the display of a poster, and an open meeting on 
atmosphere-ocean coupled modeling. The 

Figure 7: RUSTED activities and how they can help 

evaluate atmospheric models. 

 

https://scor-int.org/group/reducing-uncertainty-in-soluble-aerosol-trace-element-deposition-rusted/
https://www.geotraces.org/
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Figure 8: RUSTED workshop participants from left to right; back row: Ravindra Sharma, Ashwini Kumar, Akinori Ito, Susanne 

Fietz, Andrew Bowie, Douglas Hamilton, Natasha Majumder, Nicholas Meskhidze, Haley Plass, Medhavi Pande, Prema Panda, 

Udisha Singh, Rohan Bhattacharyya; front row: Morgane Perron, Emtia Wium, Minako Kurisu, Debasmita Chaki.  

 

RUSTED ECR workshop side event aimed at 
fostering the research community working on 
trace elements at the air-sea interface while 
providing the opportunities for younger scientists 
to connect with established researchers in their 
research domain. Eleven ECR participants from 
5 different countries attended the event, with a 
70% female representation and a variety of 
career stages from Master students to 
postdoctoral fellows and young lecturers. 
RUSTED emphasised participation of Indian 
ECRs (70% of participants) working in India and 
overseas to provide them with networking 
opportunities within their home country. 
 
The workshop was divided into two parts. 
Morning presentations by members of the 
RUSTED working group provided participants 
with state-of-the-art knowledge on atmospheric 
trace element deposition to the ocean. Topics 
discussed included the key role of trace element 
deposition to the ocean and the uncertainties and 
challenges associated with such studies. The 

most recent literature on both observation and 
modeling approaches were covered. Participants 
engaged in interactive Q&A discussions on 
commonly mis-understood terms and facts 
including the notion of trace element solubility in 
the atmosphere (Figure 9A). A final morning 
presentation was delivered on "how to make 
science relevant to society". In this framework, 
Dr. Erik van Doorn (University of Wollongong, 
Australia) shared his experience of attending and 
facilitating trans-disciplinary meetings with the 
example of the parallel side event to the 
conference on "Science and Society". In the 
afternoon, participants were guided through 2 
practical activities: one on aerosol sampling and 
sample processing techniques using facilities 
available at the CSIR-National Institute of 
Oceanography (NIO, Goa, India, Figure 9B) and 
another on the basics of reading and visualising 
modeling output files.  
 
RUSTED ECR workshop participants also 
attended communication and mentorship 
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workshops, as well as visited the National Centre 
for Polar and Ocean Research, as part of the 
SOLAS Open Science Conference Early Career 
Scientist Day (ECSD) on Sunday 10 November. 
A networking dinner event was organised on the 
Saturday evening for participants to get to meet 
one another and bond in advance of the 
conference's ECSD event. 
 
Overall, the RUSTED workshop was a 
successful one as it created new connections 
between young scientists and established 
researchers in their field of research, igniting 
conversations ranging from academic careers to 
project-specific questions. A participant survey 
showed that that 70% of participants learned new 
information from the workshop. The intimate 
format of the workshop was highly appreciated 
as it enabled participants to "talk to all the 

lecturers and discuss with them during the coffee 
and lunch breaks" (Dr Minako Kurisu, University 
of Tokyo, Japan) (Figure 9C). The broad 
overview included in each lecture and the "slow 
enough pace ensured young researchers do not 
feel lost" any time during the workshop (Ms. 
Emtia Wium, Stellenbosch University, South 
Africa). One final highlight from the workshop 
was the possibility for ECRs to meet with their 
peers and "learn from each other's experience" 
(comment from Mr. Ravindra Sharma, National 
Institute of Oceanography, India). Even some of 
the lecturers (Prof Susanne Fietz) still had much 
to learn through the lectures and visualisation 
workshop that they can now in turn teach in their 
own classrooms. The ECR/Established 
Researcher discussions stimulated further follow-
up meetings throughout the conference week.   

 

Figure 9: A: Active engagement of the early career researcher (ECR) participants through interactive Q&A discussions during 

the RUSTED workshop morning lectures. B: Demonstration of the sampling equipment by host PhD students and postdoctoral 

fellows at CSIR-National Institute of Oceanography, GOA. C: RUSTED ECR workshop lunch break was an opportunity for 

participants and lecturers to exchange ideas and advice. 

A 
 

B 
 

C 
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Coupling of ocean-ice-atmosphere processes: from sea-Ice biogeochemis- 
try to aerosols and Clouds (CIce2Clouds) 

 
Nadja Steinera, Megan Willisb and Anoop Mahajanc 

 
a Institute of Ocean Sciences, Fisheries and Oceans Canada, Victoria, Canada. 

Contact: Nadja.Steiner@dfo-mpo.gc.ca 
b Colorado State University, Fort Collins, USA. Contact: megan.willis@colostate.edu 
c Indian Institute of Tropical Meteorology, Ministry of Earth Sciences, Pashan, India.  
  Contact: anoop@tropmet.res.in 

The Scientific Committee on Oceanic Research 
(SCOR) working group CIce2Clouds is a joint 
venture of the ocean and sea-ice oriented 
BEPSII (Biogeochemical Exchange Processes 
at Sea-Ice Interfaces) community and the 
atmospheric chemistry and sea-ice oriented 
CATCH (Cryosphere and ATmospheric 
CHemistry) community and aims at (1) 
synthesising and refining the conceptual 
representation of relevant processes and, (2) 
addressing key uncertainties in the biological 
and chemical controls on atmospheric 
chemistry, aerosol and clouds in polar ocean 
environments. CIce2Clouds held its 3rd annual 
hybrid meeting from 7-9 November in Goa, India 
to report on updates on the synthesis and 
coupled conceptual model developments of the 
ocean-ice-snow-atmosphere (OISA) cycles of 
sulphur, primary aerosols and nitrogen and in 
particular to move forward with the development 
of interdisciplinary campaign planning 
recommendations. 

 

With respect to a synthesis paper on the sulfur 
cyle, led by Sakiko Ishino, active discussions 
were held around dimethyl sulphide (DMS) 
fluxes and photolysis in snow, DMS in melt 
ponds, flux inhibition by freshwater lenses and 
particularly the increased recognition of the 
importance of methanethiol (MeSH). In addition, 
discussions around modelling efforts were held 
which included the possibility of including MeSH 
in sea-ice DMS models and potential sensitivity 
studies. Thoughts around the parameterisation 
of higher emissions through temporally and 
spatially limited cracks in sea ice were 
discussed. Finally, an active collaboration using 
prognostic ocean and DMS emissions to drive 

an atmospheric transport model and a refined 
machine learning method to better constrain 
DMS fluxes from Coupled Model 
Intercomparison Project Phase 6 (CMIP6) 
models were presented. 

 

The primary aerosol synthesis group discussed 
mostly technical details to finalise their paper on 
"Polar primary aerosols across the ocean-sea 
ice-snow-atmosphere interface: from sources to 
impacts", led by Jessie Creamean. Some 
discussions focused on the addition of details on 
bacterial and calcium enrichment in sea spray 
aerosols.  

 

With respect to the nitrogen cycle, it has become 
clear that we simply do not have enough 
information to properly describe the OISA 
interactions and interconnected processes. 
CIce2Clouds is now working towards a 
commentary identifying the biggest gaps and 
observations or experiments required to close 
these gaps. In finalising these activities, 
CIce2Clouds is excited to work with artist 
Mrinmayi Davi from India (https://aranyag 
aatha.wordpress.com/) to graphically represent 
the conceptual models in all synthesis papers. 

 

A major focus of this workshop was to develop 
interdisciplinary observation planning 
recommendations to guide future studies, and 
address model and measurement gaps 
(CIce2Clouds Terms of Reference (TOR) 4). 
Building on our sulfur cycle and primary aerosol 
conceptual models, we identified future needs in 
observations and outlined requirements for fully 
integrated, multidisciplinary and collaborative 
OISA observations. The full-day discussion 

https://aranyagaatha.wordpress.com/
https://aranyagaatha.wordpress.com/
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Figure 10: Screenshot of CIce2Clouds Hybrid Meeting.

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11: In-person group photo of CIce2Clouds workshop.
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session identified four major themes underlying 
challenges and opportunities for planning 
interdisciplinary observations across the OISA 
interface: (1) the spatial and temporal mismatch 
in atmospheric and ocean/ice observations; (2) 
planning and executing interdisciplinary 
observations while avoiding limitations from 
disciplinary silos and engaging modelers across 
planning, execution & analysis; (3) managing 
logistical conflicts and challenges arising from 
disciplinary differences; and (4) cultivating 
funding support for interdisciplinary science. The 
discussion group proposed a range of solutions 
to these challenges, highlighting myriad 
opportunities for observing technology 
development. An outcome of CIce2Clouds work 
in TOR 4 will be a publication describing a vision 
for interdisciplinary observations across the 
polar OISA Interface, using a set of two focused 
examples derived from CIce2Clouds primary 
aerosol processes and sulfur-cycle synthesis 
papers to describe a proposed interdisciplinary 
modeling and observational strategy. 

 

In addition, CIce2Clouds is finalising a tutorial 
paper discussing basic OISA processes in order 
to facilitate cross-disciplinary research in this 
field. All papers will be submitted to the new 
CIce2Clouds special feature in the journal 
Elementa. CIce2Clouds invites additional 

submissions of papers discussing OISA 
interactions from model, field or laboratory 
studies: https://online.ucpress.edu/elementa/pag 
20es/coupling_of_ocean_ice_atmosphere_proce
sses_from_sea_ice_biogeochemistry_to_aeroso
ls_and_clouds_cice2clouds 

 

In 2025, CIce2Clouds will hold its annual 
meeting online and finalise the SCOR working 
group in February 2026 at Saroma-Ko in Japan, 
in connection with the joint CIce2Clouds-
BEPSII-CATCH sea ice field school. More 
details and the application process will be 
shared widely in the community in 2025. 

 

Finally, this year's CIce2Clouds meeting was the 
second time the group has met in the Global 
South. Discussions with scientists at the 
National Centre for Polar and Ocean Research 
(NCPOR), Ministry of Earth Sciences (MoES), 
India, were held to continue to identify pathways 
to integrate better scientists and expertise from 
institutes in the Global South. These talks 
resulted in identifying some concrete steps: first, 
NCPOR scientists will be presenting their work 
as a part of the future SOLAS/CATCH seminar 
series and, second, MoES will provide funding 
for students from India to join the joint 
CIce2Clouds-BEPSII-CATCH sea ice field 
school. 

https://online.ucpress.edu/elementa/pages/coupling_of_ocean_ice_atmosphere_processes_from_sea_ice_biogeochemistry_to_aerosols_and_clouds_cice2clouds
https://online.ucpress.edu/elementa/pages/coupling_of_ocean_ice_atmosphere_processes_from_sea_ice_biogeochemistry_to_aerosols_and_clouds_cice2clouds
https://online.ucpress.edu/elementa/pages/coupling_of_ocean_ice_atmosphere_processes_from_sea_ice_biogeochemistry_to_aerosols_and_clouds_cice2clouds
https://online.ucpress.edu/elementa/pages/coupling_of_ocean_ice_atmosphere_processes_from_sea_ice_biogeochemistry_to_aerosols_and_clouds_cice2clouds
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SOLAS and Future Earth are committed to 
bridging the gaps between science and society. 
This event brought together leading experts from 
diverse backgrounds, from ocean-atmosphere 
interactions, social sciences, and humanities. 
The two-day workshop focused on three key 
topics, each session led by a social and a 
natural scientist:  

 

(1) Nature-based marine solutions to climate 
change, led by Clare Heyward (Arctic University 
of Norway, Norway) and Matt Woodhouse 
(Commonwealth Scientific and Industrial 
Research Organisation, Australia) 

 

The effects of climate change are already being 
felt, even before greenhouse gas emissions 
reach a peak. The participants explored the 
options that exist to enhance natural marine 
processes to a) reduce or remove greenhouse 
gas emissions and b) increase the resiliency of 
existing environments to resist the impacts of 
climate change. Initial discussions focused on 
terminology, for instance, if carbon dioxide 
removal falls under mitigation or rather 
adaptation. A gut-feeling round on what a 
nature-based solution could be, with examples, 
set the scene for this break-out group. The term 
'nature-based solution' might be too narrow and 
natural climate solutions and marine climate 
intervention were considered. The group also 
engaged with the SOLAS statement on climate 
intervention. Intervention, however, does not 
always translate nicely into other languages. 
Discussion then evolved around creating 
awareness, training and capacity building. The 
planned outcome, as a first step, is a 
perspective paper that encompasses the 
different aspects as discussed. 

 

(2) Harmful algae blooms (HABs), led by Tanya 

Brodie Rudolph (Stellenbosch University, South 
Africa) and Julie Dinasquet (Scripps Institution of 
Oceanography, USA). 

 

HABs intensify with our changing planet, posing 
risks to both ecosystem and public health and 
the economy. The causes of HABs might be 
rainfall, aquaculture, nutrient concentration etc. 
To prevent effects on human health, early-
warning systems and modelling are necessary. 
The participants in this break-out group 
discussed how we can observe (through 
satellites, for example), monitor, predict and 
mitigate HABs, and what their impact is. These 
issues are closely related to equity issues and 
capacity building. The economic costs of HABs 
can be those for clean-ups, in fisheries and 
aquaculture, tourism, waterways and monitoring. 
Mitigation efforts as well as adaptation strategies 
are both necessary. The participants aim to write 
a storytelling paper without scientific jargon, 
including experiences from Madagascar, 
Zanzibar and the Philippines, which hopefully 
catalyses a much larger workshop. Another idea 
is to submit a proposal including equity for the 
Belmont Collaborative Research Action in June 
2025.  

 

(3) Marine plastic, led by Sarah-Jeanne Royer 
(The Ocean Cleanup, USA) and Aleke Stöfen -
OôBrien (World Maritime University, Sweden) 

 

The detrimental impacts of (micro)plastics on 
marine ecosystems have garnered widespread 
attention in recent years. However, their 
influence on ocean-atmosphere interactions 
remains a relatively understudied area. Their 
interactions with the atmosphere, including 
processes such as aerosolisation, transport, and 
deposition, remain poorly understood. A deeper 
understanding of the complex interplay between 
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microplastics and the atmosphere is essential 
for developing effective strategies to mitigate 
their environmental impact and safeguard 
marine and atmospheric ecosystems for future 
generations. Plastics fall within all core themes 
of SOLAS. At the start, the group discussed the 
scientific background of the problem. There exist 
many challenges to address plastic across the 
air-sea interface. The first outcome has been a 
SOLAS statement delivered to the latest 
negotiation round for a global plastic pollution 
treaty in Busan, South Korea. The negotiations 
so far have only dealt with plastics in general. 
Attribution to a source remains difficult. More 
data are needed on, for example, textile, 

shipping, and tyre wear. The question came up 
how the international community should regulate 
the chain from production via use to disposal. 
Soon, the idea was born to establish a working 
group on marine plastics. The group will write a 
policy brief about the ocean-atmosphere 
exchange of plastic by the end of 2024. A 
perspective paper will likely be written by 
February 2025. This could set in motion joint 
research studies and the development of 
science-informed policy solutions or legal 
advocacy based on scientific evidence. 
Participants also emphasised the need for 
creating awareness, improved communication 
and sharing of knowledge. 

 

 

 

 

Figure 12: A: Plenary session on the first day of SOLAS Science & Society workshop. B: Break-out group discussing nature-
based marine solutions to climate change. C: Break-out group discussing SOLAS aspects of marine plastics. D: Group picture 
on day two including the on-line participants. E: Group picture on day two. 

A 
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Mentorship programs are one of the pillars to 
promote knowledge exchange between 
scientists (Satterthwaite et al., 2022). Networks 
in Earth science (e.g., ASLO, GOA-ON, IAPSO, 
OCB, ECOP UN Ocean Decade, and others) 
offer at least one type of mentorship program. 
Despite these successful programs, SOLAS has 
received requests from across its Early Career 
Scientist (ECS) community to develop its own 
mentorship program. 

 

Approximately 22 people, ranging from early 
career to senior researchers, attended the 
SOLAS discussion session on 11 November 
2024, in Goa, India (Figure 13). During the 
discussion session we introduced the motivation 
for a SOLAS mentorship program based on the 
demand that emerged during previous SOLAS 
events (Summer School 2023, Early Career 
Scientist Day at Open Science Conference 
2022). While motivated by ECS, mentorship also 
benefits senior scientists, and it was mentioned 
that they often have one or several mentors at 

any time, so the program plans to be open to all 
career stages. 

 

The session ran an interactive question and 
answer session using Mentimeter®, the results 
of this discussion are summarised below.  

 

To engage people to participate in the 
mentorship program and ensure there are 
enough mentors for all registered mentees, the 
SOLAS Summer School 2026 will be the target 
launching platform - here mentors and mentees 
will have an opportunity to first meet in person 
and build networks for the SOLAS mentorship 
programme to work outwards from. While the 
mentee's motivation to sign up for such a 
program seems obvious, there is oftentimes a 
need for sustaining the mentor's motivation to 
engage in the program. Creating a mentorship 
certificate, or a yearly mentor award, were two 
suggestions raised by the discussion 
participants for showing appreciation or 
supporting mentors of the program. Another idea 
highlighted was the endorsement of the SOLAS 
mentorship program as a UN Ocean Decade 
action. This will raise awareness of the program 
and further encourage international participation. 

 

The SOLAS mentorship program is intentionally 
designed to be unique so as to not overlap with 
existing programs. While other classical 
mentorship programs exist in science, 
technology, engineering, and mathematics 
(STEM), SOLAS is unique in featuring both 
physical and biogeochemical processes 
impacting the atmosphere and ocean across 
multiple scales. In addition to offering classical 
mentorship (mentor-mentee) to address mentee 
needs (methods development, data/sample 
analysis, career advice, etc.), SOLAS could also 

Figure 13: Discussion section on community feedback on 
launching a SOLAS mentorship program.  

mailto:dshamil3@ncsu.edu
https://www.aslo.org/
https://www.goa-on.org/
https://iapso-ocean.org/
https://www.us-ocb.org/
https://oceandecade.org/actions/early-career-ocean-professionals-ecops/
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Figure 14: Mentimeter word cloud about the group idea of a successful (left) and unsuccessful (right) mentorship program. 

 
 
 

make transdisciplinary mentorship connections 
with, for example, artists, communication 
experts, social scientists, and others. Other 
unique offerings that were discussed include 
short term objective-based mentorship (2 to 3 
months) for very specific problems/techniques or 
applying for a specific grant, support during 
conferences (especially for first time attendees), 
support for moving to a foreign country, or 
support while traversing the academic 
landscape. These mentorship partnerships 
would most likely follow a peer-to-peer 
mentorship framework.  

 

Strategies for successful mentorship include 
setting realistic objectives, and establishing 
expectations and goals. Mentors and mentees 
both have to acknowledge their time and 
availability for contributing to the mentorship 
program. The SOLAS mentorship program will 
explore pathways for offering guidance and/or 
training that encourages emotional intelligence, 
including how to provide constructive feedback. 
There will be ways of changing mentors as 
needs arise, while not burdening the 
participants. The group also discussed ways of 
evaluating the program, for example, using 
anonymous evaluation to avoid conflicts, and 
annual or biannual evaluation for project-based 
mentorship. It was agreed that the evaluation 
should depend on the type of mentorship. "How 

to choose the mentor/mentee?" was one 
question raised during the session with the aim 
of ensuring a good fit between the mentor-
mentee pair. Ideas raised were centred on 
personality matching in tandem with skills 
matching. This could be achieved through a 
short resume/profile that included some 
description of values, principles, or life interests. 
Mentees can then be given the option to choose 
their mentor, instead of being assigned one. 
Short recommendation letters, from both 
mentors and mentees, could also help in 
generating partnerships with a higher probability 
of success. Cultural expressions and norms for 
communication can be challenging, to address 
this, the program can build in adaptation time 
and clear guidelines on respectful and open 
communication. Finally, the group submitted 
responses on "how might successful and 
unsuccessful mentorship look?", both of which 
are included in the word cloud below (Figure 
14). 

 
Reference 
 
Satterthwaite, E.V., Komyakova, V., Erazo, 
N.G., et al. (2022). Five actionable pillars to 
engage the next generation of leaders in the co-
design of transformative ocean solutions. PLoS 
Biol., 20(10), e3001832. https://doi.org/10.1371/ 
journal.pbio.3001832 

 

 

https://doi.org/10.1371/journal.pbio.3001832
https://doi.org/10.1371/journal.pbio.3001832
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SOLAS processes missing from coupled models 

 
Conveners: Maria Kanakidoua, Susann Tegtmeierb and Boris Dewittec 

 
a Department of Chemistry, University of Crete, Greece. Contact: mariak@uoc.gr 
b Physics and Engineering Physics, University of Saskatchewan, Canada.  
   Contact: susann.tegtmeier@usask.ca 
c CEAZA (Center for Advances Studies in Arid Zones), La Serena, Chile.  
  Contact: boris.dewitte@ceaza.cl

The discussion session focused on the current 
status of SOLAS studied processes in coupled 
global Earth System Models (ESMs), gaps, 
scientific challenges, and future directions. The 
participants discussed many key 
biogeochemical-physical processes as well as 
ocean-atmosphere interactions and feedbacks 
that are currently missing from these models. 
Effort was made to further classify these 
processes based on their importance for climate 
projections.  

 

Key issues identified during the discussion 
included the critical role of parametrisations of 
sub grid scale processes, the importance of 
observations for identifying and improving 
shortcomings in models, the benefits of utilising 
a hierarchy of models with varying complexity. 
Furthermore, the potential of emerging machine 
learning tools to enhance future modelling 
efforts and data interpretation was highlighted. 
Discussions also underscored that while 
increasing resolution may improve the 
representation of processes in boundary 
systems and at the air-sea interface (a finding 
that remains to be fully validated), further 
advances may require the incorporation of new 
parameterisations or more sophisticated process 
representations. 

 

The discussion session resulted in a compiled 
list of processes identified as either poorly 

represented or uncertain, sorted by their 
importance for climate projections, their current 
representation in ESMs, and their potential for 
improved representation with increasing 
resolution. To give one example, the land-ocean 
continuum and riverine influx representations in 
climate models have been identified as 
important drivers of uncertainty. This compilation 
of processes is designed to foster discussion 
and further exploration within the community, 
providing input to World Climate Research 
Programme (WCRP) modelling groups such as 
the Working Group on Coupled Modelling 
(WGCM).  

 

Conclusions that can be drawn from all the 
different contributions and opinions voiced 
during the discussion sessions include the fact 
that comprehensive assessments and 
consolidations of different modelling approaches 
are currently missing. Another conclusion of the 
discussion is the importance of the exploitation 
of data collected under SOLAS and the use of 
regional data, in particular from the limited 
number of observation networks in the Southern 
Hemisphere. While accessing local and 
regional-scale data for model validation and 
process studies can be essential to verify and 
improve parameterisations and validate specific 
processes, it remains a recurring and 
challenging issue which could benefit from 
coordinated SOLAS efforts. 
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The ocean areas covered by sea ice are 
undergoing significant climate change, but many 
important chemical, biological, and physical 
processes and feedbacks in these areas are still 
poorly understood, particularly in the 
understudied Indian sector of the Southern 
Ocean. In this discussion session, we fostered 
new interactions among scientists working in the 
polar oceans and at lower latitudes in the Indian 
Ocean to explore ways we can help each other 
better understand both regions and the 
interactions between them. Through this 
discussion session, the SOLAS-related sea-ice 
research communities of Biogeochemical 
Exchange Processes at Sea-Ice Interfaces 
(BEPSII), Cryosphere and Atmospheric 
Chemistry (CATCH), and Coupling of ocean-ice-
atmosphere processes: from sea-Ice 
biogeochemistry to aerosols and Clouds 
(CIce2Clouds) engaged with more scientists 
who work in the Indian Ocean. 

 

During this discussion session, Dr. Sarat C. 
Tripathy (NCPOR, Goa, India) presented the 
aim, scope and goals of Southern Ocean 
Observing System (SOOS) and Indian scientific 
activities in the Southern Ocean. Then, the 
audience (about 70 people) was divided into 4 
breakout groups (4 topics) to discuss specific 
questions about research in the Indian sector of 
the Southern Ocean: 

 

Topic 1: What are the most important 
mechanisms connecting the Southern and 
Indian Ocean environments? 

ѻ The strongest connection from north to 

south occurs mainly at high altitudes via 
the BrewerïDobson circulation.  

ѻ The strongest connection from south to 

north is via deep water formation at the 
poles and transport northward via the 
thermohaline circulation. 

ѻ Interactions in the surface ocean and 

lower atmosphere are primarily through 
turbulent mixing across very strong 
gradients. The fronts between the 
southern Indian Ocean and the Indian 
sector of the Southern Ocean are very 
clear and obvious in almost all ways. 

 

Topic 2: How can infrastructure and expeditions 
in the Indian and Southern Oceans be better 
leveraged to provide more integrated basin-scale 
understanding? 

ѻ Data transparency is required across the 

entire Southern Ocean community. 

ѻ Leverage existing SOOS infrastructure to 

create a consolidated data repository 
(with transparency of data headers where 
data is not yet publicly available). 

ѻ Establish a standard practice of basic 

measurements to be carried out on every 
expedition. 
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Figure 15: Breakout groups during the discussion session on the coupling of ocean, sea-ice and atmospheric chemistry & 

biogeochemistry: a cross-disciplinary research challenge. 

ѻ Enhance communication within the 

community through the SOLAS Research 
Cruises webpage (https://www.solas-
int.org/science/related-science/research-
crui ses.html). 

ѻ Enhance the current predictive systems 

to enable effective pre- and real-time 
planning of experiments in the Southern 
Ocean. 

ѻ Encourage shared PhDs and projects 

across the different national programs. 
Further the interaction at high-level 
expedition planning between different 
national programs. 

 

Topic 3: What emerging technologies/methods/ 
ideas hold the most promise for filling gaps in our 
understanding of this region? 

ѻ A wider variety of seawater and 

atmospheric sensors for deployment on 
moorings able to host measurements in 
both the atmosphere and ocean.  

ѻ Marine mammal-mounted conductivity, 

temperature, and depth (CTD) sensors.  

ѻ Continental stations for year-round data. 

ѻ Satellite technologies to make 

measurements in the Southern Ocean. 

ѻ Monitoring stations on Antarctic Islands. 

ѻ Electrically-powered ships to avoid 

contamination for atmospheric 
observation. 

ѻ Machine-learning-based algorithms can 

help fill data gaps but are limited by 
available data for most parameters. 

 

https://www.solas-int.org/science/related-science/research-cruises.html
https://www.solas-int.org/science/related-science/research-cruises.html
https://www.solas-int.org/science/related-science/research-cruises.html
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Topic 4: How is the Indian sector of the Southern 
Ocean different from and similar to the Pacific 
and Atlantic sectors? 

ѻ No other sector of the Southern Ocean is 

as hemmed in by land. The Indian Ocean 
extends only to 30° in the Northern 
Hemisphere and is surrounded on three 
sides by major landmasses and an 
archipelago. The Atlantic and Pacific 
Oceans extend nearly from pole to pole. 
Therefore, the current circulation pattern 
in the Indian sector of the Southern 

Ocean differs from those in the Atlantic 
and Pacific Oceans. 

ѻ In this context, it would be important to 

understand what influence anthropogenic 
activity has in the Indian sector of the 
Southern Ocean, especially considering 
the dynamical changes which affect the 
seasonal exposure of the ocean to 
continental emissions.  

ѻ Mesoscale eddies play a key role in the 

ocean dynamics in the Indian sector of 
the Southern Ocean. 

 

https://www.solas-int.org/
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Exploring the nexus: Building capacity in understanding the impacts of 

atmospheric deposition on ocean biogeochemistry 
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a iLEAPS International Project Office, UK Centre for Ecology and Hydrology, Wallingford, UK. 
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Introduction 

 

Integrated Land Ecosystem-Atmosphere 
Processes Study (iLEAPS) in collaboration with 
SOLAS, An International Study of the Marine 
Biogeochemical Cycles of Trace Elements and 
Isotopes (GEOTRACES), and International 
Global Atmospheric Chemistry Project (IGAC) 
hosted an engaging discussion session at the 
SOLAS Open Science Conference, held in Goa 
from 10-14 November 2024. The discussion was 
led by Semeena V. Shamsudheen from the 
International Project Office of iLEAPS; Pallavi 
Saxena, Assistant Professor at the Hindu 
College, University of Delhi and a member of the 
Scientific Steering Committee (SSC); Saurabh 
Sonwani, Assistant Professor at the Zakir 
Hussein Delhi College, University of Delhi and 
the Early Career Representative for iLEAPS; 
Douglas S. Hamilton, Assistant Professor at 
North Carolina State University and Early Career 
Researcher (ECR) representative for SOLAS; 
Prof. Alessandro Tagliabue, Professor in the 
Department of Earth, Ocean, and Ecological 
Sciences at the University of Liverpool; and Prof. 
Andrew Bowie, Professor in the Oceans and 
Cryosphere Department at the Institute for 
Marine and Antarctic Studies, University of 
Tasmania. Both Tagliabue and Bowie also serve 
as current and past SSC co-chairs for 
GEOTRACES, respectively. The session titled 
"Exploring the Nexus: Building Capacity in 
Understanding the Impacts of Atmospheric 

Deposition on Ocean Biogeochemistry" 
highlighted the intricate relationship between 
land processes, atmospheric chemistry and 
aerosol deposition, and ocean biogeochemistry. 
This nexus is pivotal in shaping the global 
carbon cycle, as atmospheric deposition plays a 
key role in open ocean nutrient availability, 
marine net primary productivity, and ecosystem 
community dynamics ï all of which can 
modulate the ocean biological carbon pump. 
The session emphasised the need for a 
coordinated, interdisciplinary approach to tackle 
key questions and emerging challenges in this 
field, emphasising the importance of 
collaboration across scientific domains to 
advance understanding and inform sustainable 
management strategies. 

 

Key Themes and Objectives 

 
The session proposed establishing a new 
working group to explore these interactions. This 
group would draw on the expertise and 
resources of major scientific networks, including 
iLEAPS, SOLAS, IGAC, GEIA (Global 
Emissions Initiative), GEOTRACES, and ESA 
(European Space Agency). This effort aligns 
closely with Future Earth's vision and mission to 
promote transdisciplinary initiatives aimed at 
addressing climate change and its impacts on 
ecosystems and the environment. 
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Figure 16: Discussion session on Exploring the nexus: Building capacity in understanding the impacts of atmospheric 

deposition on ocean biogeochemistry.  

Four primary questions were identified as the 
foundation for future research and discussion: 

 

Sources Pathways, and Impacts of 
Atmospheric Deposition 
Å The session explored the various sources 

of atmospheric deposition, including both 
natural (e.g., dust, volcanic ash) and 
anthropogenic (e.g., industrial or 
agricultural emissions) contributions and 
their link with ocean distributions of key 
nutrients and pollutants. The need to 
investigate other sources such as ship 
emissions, urban aerosols, and wildfire 
smoke was also highlighted. 
Understanding these pathways is critical 
to predicting their impacts on ocean 
biogeochemistry. 

 

Interactions Between Oceanic Fluxes and 
Pollution 

Å Oceanic emissions, such as dimethyl 
sulphide (DMS), influence atmospheric 
chemistry, particularly in the marine 
boundary layer. The session delved into 
how these natural emissions interact with 
anthropogenic pollutants, affecting cloud 
formation, albedo, and precipitation 

patterns. These interactions, in turn, 
influence nutrient deposition and marine 
primary productivity. 

 

Pollutant Accumulation in Marine Organisms 
Å Persistent organic pollutants (POPs), 

heavy metals, and microplastics are 
increasingly accumulating in marine 
ecosystems. The session discussed the 
processes of bioaccumulation (uptake of 
pollutants by organisms) and 
biomagnification (concentration of 
pollutants as they move up the food 
chain). These pollutants pose significant 
risks to marine biodiversity and human 
health through seafood consumption. 
 

Long-term Implications of Anthropogenic 
Activities 
Å The session emphasised the need to 

assess the long-term impacts of human 
activities, such as fossil fuel combustion 
and deforestation, on atmospheric 
deposition and ocean biogeochemical 
cycles. These activities alter deposition 
patterns, with implications for nutrient 
imbalances, ocean acidification, and 
climate feedback mechanisms. 
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Following a brief introduction and general 
discussion, the session transitioned into a 20- 
minute breakout segment, during which 
participants were divided into three groups. Each 
group was facilitated by two convenors to guide 
the discussion. In the final 10 minutes of the 
session, note-takers presented the key 
suggestions and concerns raised in their 
respective groups. There was notable support for 
establishing a cross- Global Research Network 
(GRN) Working Group (WG) to foster 
transdisciplinary collaboration in addressing the 
outlined challenges. However, the support was 
not unanimous, indicating the need for further 
deliberation on the group's objectives and scope 
to ensure its formation is both purposeful and 
widely endorsed. Concerns were also raised 
about the technicalities like funding sources, and 
the need to have a professional graphic designer 
to convey the message to scientific community 
as well as general public.  The summary of this 
breakout sessions revealed a strong alignment 
across the groups, with shared concerns and 
ideas provided below: 

Å Emphasis on global and regional ocean 
systems, with specific attention to the 
Indian Ocean due to its unique ecological 
and biogeochemical challenges. 

Å Highlighted areas include atmospheric 
deposition, trace element 
biogeochemistry, and microplastic 
impacts. 

Å Incorporate tools and methodologies from 
various GRNs and societies such as 
SOLAS and IGAC, leveraging their 
expertise. These groups can act as 
"Champions" in their respective areas, 
ensuring specialised contributions to the 
WG. 

Å Atmospheric deposition involves complex 
chemistry, including mineral dust, aerosol 
composition, and their impacts on trace 
elements and this can be challenging 
research and policy area. Addressing 
deposition and ecosystem responses, 
along with monitoring carbon dioxide and 
nitrogen/climate feedback cycles was 
suggested as one of the key WG 
research areas.  

Å Focus on underexplored areas like 
blue/red plastics, hydrosphere oxygen 

production, and carbon sequestration in 
oceans. 

Å Understanding the long-term implications 
of anthropogenic activities on marine 
ecosystems. 

Å Need for an overarching authority, similar 
to the International Seabed Authority, to 
support and coordinate WG activities. 

Å Engaging with the shipping industry and 
related sectors to access funding, tools, 
and collaborative opportunities for ocean 
exploration. 

Å Impact of both anthropogenic and natural 
sources like desert dust, wildfires, crop 
residue burning, urban pollutants, heavy 
metals (e.g., copper, chromium, nickel, 
mercury), and microplastics. 

Å Investigating ozone depletion 
mechanisms, extreme marine heatwaves, 
and physicochemical perspectives of 
ocean systems was raised as an 
emerging issue.  

There was strong recommendation for WG 
design and operations across the breakout 
sessions: 
 
Å Establish clear sender-receiver 

communication roles to ensure effective 
data exchange and dissemination. 

Å Utilise tools from diverse disciplines to 
address research questions and develop 
innovative solutions. 

Å Ensure that the WG addresses issues 
ranging from scientific to societal to 
political. 

Å Secure resources through industry 
partnerships and international funding 
agencies 
 

Expected Outcomes and Collaborative 
Framework 
 
The proposed working group aims to harness the 

synergies among Future Earth's GRNs. By 

integrating their scientific activities, the group 
seeks to: 
 
Å Facilitate Collaboration and Knowledge 

Sharing:  
     Enhanced cooperation among networks   

like iLEAPS, SOLAS, IGAC, 
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GEOTRACES and ESA will promote 
interdisciplinary research, data sharing, 
and methodological standardisation. 

Å Drive Integrative Approaches to Earth and 
Environmental Sciences:  

     A holistic understanding of the land-
atmosphere-ocean continuum is crucial 
for developing strategies that capture the 
complexity of biogeochemical interactions 
and feedback loops. There was support 
for forming a WG to support 
transdisciplinary activities, but more 
consideration of the groups goals and 
strategy is desirable.  

Å Inform Sustainable Management 
Strategies:  

     Leverage collaborations with GRNs, 
societies, and industries to create a 
broad, interdisciplinary coalition.  Identify 
and include expertise in policy-oriented 
and transdisciplinary approaches for 
effective collaboration, design and 
operations of the WG.  

Conclusion 

This session underscored the need for an 
integrated Earth System approach to 
understanding the nexus of atmospheric 
deposition and ocean biogeochemistry. By 
establishing a new working group, that includes 
social scientists, lawyers, policy makers apart 
from researchers, it can serve as a 
transformative platform to address one of the 
most pressing environmental challenges, 
ensuring scientific excellence, societal benefit, 
and environmental sustainability. 
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 Figure 17: Lively discussions during the session. 

field projects to collect essential data, 
underscoring the need for coordinated efforts to 
maximise resources and expertise. PICCAASO 
(Partnerships for Investigations of Clouds and 
the biogeoChemistry of the Atmosphere in 
Antarctica and the Southern Ocean) seeks to 
facilitate collaboration to extract insights from 
research before further changes occur. This 
session invited discussions across disciplines, 
focusing on recent or upcoming field campaigns 
and fostering interdisciplinary collaboration to 
address longstanding issues like the Southern 
Ocean's cloud-radiative bias. 

At this critical juncture, understanding the 
complex relationships between oceanic, 
cryospheric, and atmospheric processes in the 
Southern Ocean and Antarctica is imperative. 
Given their remoteness from major pollution 
sources, these regions serve as vital 
benchmarks for pre-industrial conditions. 
Challenges persist in unravelling the intricate 
dynamics among oceanic and ice biology, 
aerosols, clouds, precipitation, and radiation, 
impacting our ability to model past, present, and 
future climate change. To address these 
challenges, nations are launching large-scale 
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Figure 18: Results from the Mentimeter survey asking what the biggest knowledge gaps are in the southern high latitudes. 

There were 70 responses, with biogeochemistry, winter, and organic aerosols being the most voted on. 

 

 

The intended outcome of this session was two-
fold: 1) foster broader community awareness of 
current and ongoing efforts to comprehend 
biogeochemical impacts on Antarctic and 
Southern Ocean clouds and 2) enrich the 
PICCAASO website (https://www.piccaaso.org/) 
with new studies and measurement campaigns, 
accessible by both the scientific community and 
public audiences.  
 
During the session, we first gave an overview of 
PICCAASO and the goals of the session. We 
also conducted several Mentimeter surveys to: 
1) find out who was in the room including which 
region of the southern high latitudes they do 
research in and what career stage, 2) find out 
about ongoing field campaigns and field 
campaigns the audience members are planning 
in the next 5-10 years, 3) find out which data 
from what field campaigns or sites the modelers 
in the room worked with, what parameters or 
processes are not well represented in models, 
and what observations are needed to improve 
those, and 4) find out what the audience thinks 
the biggest knowledge gaps are in our 
understanding of the southern high latitudes.  

Each survey led to questions and feedback from 
the audience, including (but not limited to) which 
social media platforms do they use to stay 
informed on activities in the southern high 
latitudes, what would be most helpful for early 
career researchers, how to get observationalists 
and modelers to work together more often, what 
is missing in models, and what are new crucial 
observations. We also discussed the preparation 
of a synthesis paper that will be based on 
lessons learned in the southern high latitudes 
from the 2020s, building on Mallet et al., 2023. 
Those in the audience who are interested in 
contributing to the paper provided their contact 
information so we can keep in touch following 
SOLAS. 
 
Reference 
 
Mallet, M.D., Humphries, R.S., Fiddes, S.L., et 
al. (2023). Untangling the influence of Antarctic 
and Southern Ocean life on clouds.  Elem. Sci. 
Anth., 11, 00130. https://doi.org/10.1525/elem 
enta.2022.00130 
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Ensuring the effective interpretation, translation 
and communication of SOLAS research is 
critical for achieving impact. Knowledge 
brokering can be thought of as closing the gap 
between SOLAS research and practice and is 
critical to solving real world problems. So, how 
does one become a knowledge broker? What 
skills are needed to do so? This discussion 
session explored the what, why, and how of 
knowledge brokering, focussing on the 
experiences of scientists who work at the 
science-policy interface of the air-sea interface. 
 
The session began with a quick introduction 
round of all participants in which everyone 
shared their reason to attend. A few points came 
up repeatedly. We have to identify who we 
should communicate with: media, news 
agencies, politicians, industry, the next 
generation. Participants regarded story-telling 
important, how one speaks to peoples' values 
and which narrative to choose. In that, one must 
use another language than is probably usual in 
academia. The perception by the public of the 
words that we use can be essential. You might 
want to emphasise your credentials and 
expertise nonetheless, but a personal 
connection is important and cultural values need 
to be considered. Moreover, you might have a 
responsibility to tell your story, especially when 
you are publicly funded. It is increasingly 
common for funders require relevance and 
impact of your research. 
 
The discussion session continued with a 
lightning round of presentations and 
provocations of knowledge brokering in practice. 
Jen Martin started with her ten tips for science 
communication in the form of questions that you 
should ask yourself, based on the premise that 
science is not finished until it is communicated. 
You will first have to determine what your goal, 
your audience and your message is, and what 

action you will take. Then you can gather 
feedback, evaluate, and improve. 
 
Å What is your hook? How do you get 

attention? 
Å Are you dealing with a wild or captive 

audience? 
Å How do you make your research relevant 

to the audience? 
Å Why should your audience care? Why do 

you have valuable information? 
Å What do you want your audience to do? 
Å What is your key message, crafted for 

your audience? 
Å What language is appropriate? 
Å How much context do you need to 

provide? 
Å What can you leave out? Be clear and 

concise. 
Å Tell a story. What are you trying to 

solve? What is the question that you 
answer? 

 
All participants then did a little exercise. First, 
write the first sentence of your scientific paper. 
Second, write the first sentence of a newspaper 
article. A discussion then unfolded in which 
many participants gave their opinion. It turns out 
that the readability of journals has decreased 
with eighty percent in the last century. Someone 
contemplated that simplifying your message 
might mean that you lose credibility. Another 
participant believed the greatest scientists can 
communicate their work to their in-laws. One can 
appeal to both negative as well as positive 
emotions. There appears to be more activation 
by positive messages or negative messages 
with a solution. Do not underestimate your 
audience. It does understand nuance and will 
weigh your information against everybody else's. 
One participant expressed the fear of being 
pigeon-holed as being either in favour or 
against. 
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The next presentation by Sarah Cooley 
emphasised that knowledge brokering requires 
homework, planning, practice, and dedication. 
Sarah provided the following recommendations: 
 
Å Know your audience. 
Å Get their attention. 
Å Translate data. 
Å Be aware of emotional appeals. 
Å Address uncertainty. 
Å Tap into affiliations. 
Å Encourage participation. 
Å Make behaviour change easier. 

 
Consider what you are asking and if you should 
lead with that. Figure out how your message 
intersects with the needs of the audience. Ask 
yourself what you can offer in exchange: 
information, connections, access. Knowledge 
brokering is a never-ending cycle of learning. 
 
Ellycia then clarified that it is not your 
responsibility to tell anybody what they want to 
hear. Be true to yourself and your science. But 
also ask yourself if you are in the right room at 
the right time. The loudness of your voice is 
important but sometimes it is simply out of your 
hands. 

https://www.solas-int.org/
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Figure 19: Discussion section on Reducing Uncertainty in Soluble Trace Element Deposition (RUSTED). 

The exchange of micronutrient trace elements 
(TE) and pollutants across the air-sea interface 
is a key area of focus for global research 
initiatives like SOLAS and An International 
Study of the Marine Biogeochemical Cycles of 
Trace Elements and Isotopes (GEOTRACES). 
However, understanding this exchange is 
complicated by significant uncertainties in 
determining the fraction of atmospheric TE 
inputs that are soluble - crucial information for 
determining the impact of TE on marine 
ecosystems and the ocean's capacity to absorb 
atmospheric carbon dioxide (CO2). 

 
The Scientific Committee on Oceanic Research 
(SCOR) Working Group 167 (Reducing 
Uncertainty in Soluble Trace Element 
Deposition, RUSTED) was formed to tackle 
these uncertainties by uniting ocean 

biogeochemistry, atmospheric chemistry, and 
modeling specialists. The group aims to improve 
the reliability and consistency of TE solubility 
data generated through laboratory methods and 
to offer practical support and guidance for 
incorporating this data into Earth System models 
(Figure 7). 
 

This report outlines RUSTED's ongoing efforts, 
including two major intercomparison studies: 
one evaluating laboratory techniques for 
measuring aerosol TE solubility and another 
assessing the accuracy of coupled atmosphere-
ocean models for iron solubility. Active 
engagement and contributions from the SOLAS 
community were invited to support these 
endeavors and enhance the impact of 
RUSTED's outcomes. 
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Figure 20: Participants answer "the benefits and drawbacks of having a reference protocol" using Mentimeter. 

Of the participants in the discussion session 
(Figure 19), two-thirds self-identified as 
observationalists, with the remaining one third 
split between modelers or being ñbothò. There 
was an even split between early career stage 
(ECR) and senior researchers, with some 
students (12%) also present in the discussion. 
 
A standard operational procedure has emerged 
as a core priority (Figure 20), with most 
participants suggesting they would follow a 
common reference protocol if it was well-defined 
and justified. Discussions highlighted the need to 
harmonise laboratory methods, including the 
further division of the GEOTRACES Cookbook 
v.4's suggested mild acid leach into weak and 
mild leaching techniques. Early results from the 
intercomparison studies indicate that weak 
leaching methods (using ultra-pure water) alone 
yield inconsistent results across laboratories. 
The suitability of ultra-pure water as a leaching 
medium was further questioned due to the 
variability in its properties across labs. The use 
of a buffered solution was then suggested to 
enhance the consistency of solubility 
measurements. Moreover, challenges remain in 
linking leaching techniques to environmental 
processes to constrain solubility in aerosols 
under dry and wet deposition (pathways).  
Another unresolved question pertains to the 
consideration of metal speciation, as oxidation 
state may play a role in determining solubility, 
but studies currently disagree on the importance 
of this characteristic. Questions about the 
operational definitions of solubility stemming 
from leaching methodologies have also sparked 

a broader conversation about whether the 
oceanographic community's approach should 
guide future efforts. 
 
An engaging discussion highlighted the 
challenges of addressing terminological gaps 
between oceanic and atmospheric sciences, 
particularly concerning the concepts of 
"bioaccessibility" and "bioavailability". These 
terms hold different implications in each 
discipline: in ocean sciences, it often relates to 
the physiological uptake and utilisation of trace 
elements by marine organisms, whereas in 
atmospheric sciences, it is more closely tied to 
the (operationally defined) solubility of trace 
elements in precipitation or in aerosol samples. 
These divergent interpretations can create gaps 
in interdisciplinary collaboration and the 
integration of findings across fields. 
 
To address these issues, participants raised a 
question to use terms like "bioavailable" and 
proposed refining the operational definitions of 
"labile", "leachable", "soluble", "dissoluble" or 
"dissolved" in the atmospheric community. 
These refinements would clarify their meanings 
and ensure consistency in how data is 
interpreted and communicated. As a step toward 
this goal, the group suggested developing a 
"reference protocol" rather than a "standard 
protocol" for "weakly, mildly, and strongly 
leached" trace elements. This approach aims to 
acknowledge the complexity and contextual 
variability of these terms while providing a robust 
framework for future studies. By bridging these 
disciplinary gaps, the protocol would enhance 
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Figure 21: Participants' suggestions on what information would be useful to gain from a new model intercomparison study using 

Mentimeter. 

 
  
  

the reproducibility and interdisciplinary relevance 
of methodologies and their use by the modeling 
community. However, challenges remain in 
linking dry and wet atmospheric inputs to the 
"soluble" and "dissolved" metal pools in the 
microlayer and surface ocean. 
 

The group discussed the need to enhance data 
sharing and accessibility. A phased development 
approach to a database of TE measurements 
has been proposed. The first stage involves 
creating a data repository that first consolidates 
published literature and then integrates that data 
within an interactive map to target region-
specific data. The second stage envisions a fully 
functional database with advanced capabilities, 
such as parsing data by leach type, trace 
elements, or aerosol size metrics. The 
development of a comprehensive database is an 
ambitious goal and likely beyond the capabilities 
of RUSTED, but it is seen as a vital step toward 
improving global access to TE solubility data and 
further work post-RUSTED should prioritise 
building on what RUSTED will produce. 
Platforms such as Data Publisher for Earth and 

Environmental Science (PANGAEA), British 
Oceanographic Data Centre (BODC), and 
Biological and Chemical Oceanography Data 
Management Office (BCO-DMO) have been 
suggested as potential hosts for this resource 
with the ease of use being the main asset 
sought. 

 
RUSTED's efforts also include exploring the 
potential for the second model intercomparison 
study aligned with Coupled Model 
Intercomparison Project phase 7 (CMIP7). 
Although not part of the group's official terms of 
reference, this initiative has garnered interest as 
a means of refining coupled atmosphere-ocean 
models (Figure 21). To gauge community 
interest, RUSTED plans to circulate a 
questionnaire among oceanographers and other 
stakeholders. Additionally, a RUSTED special 
issue is currently being hosted by Atmospheric 
Chemistry and Physics, Atmospheric 
Measurement and Techniques, and 
Biogeosciences journals that further engages 
the broader scientific community with RUSTED 
goals. 
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The aim of this discussion session was twofold: 
1. To bring greater awareness of the work of the 
Science & Society (S&S) team to SOLAS 
members, and 2. To hear from SOLAS members 
where they would like to see S&S going in the 
future.  
 
Erik started with an introduction about SOLAS 
bringing in "other" scientists, including social 
scientists, lawyers, economists. He provided an 
overview of how some of the SOLAS themes 
relate to societal questions and reviewed what 
S&S team has done over the past few years.  
 
Å Brussels workshop 2016: Each of the 

three topics discussed went on to 
organise their own workshops and 
publish papers.  

Å The most recent workshop in Goa 
covered three topics: 1. Plastics, 2. 
Marine climate interventions, 3. Harmful 
algal blooms. 

 
Ellycia introduced the sister organisation to 
SOLAS, the Earth System Governance (ESG) 
network, and spoke about the potential for 
finding crossover points to create a more 
interdisciplinary lens to certain research topics, 
such as carbon dioxide removal (CDR). 
 
The following questions were posed to the room: 

1. Have you had any experience working 
with interdisciplinary projects?  

2. If not, does your work lend itself to 
working in interdisciplinary ways? 

3. What was your experience? 

Some grouped themes resulted from the 
discussion: 
 
Å Many people would like to do 

interdisciplinary research, but they do not 
know how to start or where to meet other 
from outside of their disciplines. 

Å Some have workshopped ideas, but 
could not get the projects funded. 

Å People are aware of the need for 
interdisciplinary elements or the 
involvement of social scientists in funding 
calls, but this often comes as an 
afterthought. 

Å It is hard work, but good work.  
Å We do not speak the same language. 
Å It would be good if there was funding for 

young scientists to learn how to do this 
early on in their careers. 

Å It is important that 'co-design' happens 
and social scientists are not brought on 
as the token to tick a box. 

Å There is a need to build trust and 
common language, in-person meetings 
can help with this, especially early on in a 
project.  

Å One might contemplate adjusting project 
goals to include the interests of non-
natural scientists can lead to very 
successful work. 

Å This can help you to show your own 
discipline in a new light. 

Å SOLAS scientists have a head-start as 
we are already talking across disciplinary 
boundaries.     

 
 



Discussion session reports 

34 

 

 

 

Coastal cities air quality under the influence from the ocean ï shared 

common mission of IGAC and SOLAS 

 
Convener: Lin Dua 
Co-conveners: Christian Georgeb and Maria Kanakidouc, d 
Rapporteurs: Yee Jun Thame and Jurgita  Ovadnevaitef 

 
a Shandong University, Jinan, China. Contact: lindu@sdu.edu.cn 
b Université Claude Bernard Lyon 1, CNRS, IRCELYON, Villeurbanne, France .  
   Contact: christian.george@ircelyon.univ-lyon1.fr 
c Environmental Chemical Processes Laboratory, Department of Chemistry, University of Crete,       
  Heraklion, Greece. Contact: mariak@uoc.gr 
d Institute of Environmental Physics, University of Bremen, Bremen, Germany.   
e Sun Yat-sen University, Zhuhai, China. Contact: thamyj@mail.sysu.edu.cn 
f  University of Galway, Galway, Ireland. Contact: jurgita.ovadnevaite@universityofgalway.ie 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Coastal cities are located at the intersection 
between the ocean and the continent, and the 
alternating influence of sea and land air masses 
makes the formation, transfer and transformation 
processes of pollutants to present significant 
coastal characteristics. Marine emissions are 
affecting air quality in coastal cities and in turn 
the cities' emissions through changes in 
atmospheric composition affect the regional 
climate, contribute to deposition of 
pollutants/nutrients and thereby impact on the 
marine environments. The regulation 
mechanism of air pollution in coastal cities and 
the health effects of emissions from marine 
source are still unclear, which is a major 
constraint to sustainable improvement of air 
quality in coastal areas. 
 
During the discussion, we first conducted a short 
survey on the audience's interest in the Global 
Atmospheric Chemistry Project (IGAC) and 
SOLAS research topics, and more than 40% of 
the audience's feedback is related to 
atmospheric chemistry, followed by ocean-
surface biogeochemistry (approximately 29%). 
The complex interactions between atmospheric 
chemistry and oceanic processes in the 
ocean/land continuum were then introduced and 
discussed, emphasising their mutual influence 
on air quality of coastal cities. 
 
Important processes that could be part of joint 
SOLAS and IGAC actions, gaps and scientific 
challenges for future research, and the 
specificities of coastal cities compared to the 

Figure 22: Discussion session on the coastal cities air 

quality under the influence from the ocean ï shared 

common mission of Global Atmospheric Chemistry Project 

(IGAC) and SOLAS. Photo credit:  Jurgita Ovadnevaite 

 
inland cities were discussed. Among these, 
participants identified that emissions of 
halogens, trace gases (sulfur dioxide (SO2), 
nitrogen oxides (NOx), volatile organic 
compounds (VOCs), etc.) and from shipping 
(despite the mandatory use of cleaner fuels) and 
harmful algal blooms from the sea can be 
important in affecting the air quality in coastal 
cities (see the full results in Figure 23), while the 
wastewater and microplastic discharges from 
coastal cities were identified as major factors 
affecting the coastal ocean. 
 
To address the complex ocean-land-atmosphere 
interactions, the need for further research and 
the establishment of a systematic ocean-
atmosphere network was discussed. Such a 
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network would include coastal sites, ship 
campaigns and sampling in the near ocean to 
improve monitoring of the conditions of both 
seawater and air quality conditions based on 
international efforts. 
 

Figure 23: Results in response to the question "What are 

the major influencing factors from the ocean affecting the 

coastal cities (i.e., air quality)?". Photo credit:  Jurgita 

Ovadnevaite 

 

https://www.solas-int.org/
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The Intergovernmental Panel on Climate Change 
(IPCC)'s 5th Assessment Report outlines four 
scenarios that represent possible future 
concentrations of carbon dioxide (CO2) and other 
greenhouse gases in the atmosphere until 2100. 
These are known as Representative 
Concentration Pathways (RCPs) 2.6, 4.5, 6.0 
and 8.5 (IPCC, 2014). However, the impacts of 
the increase of CO2 emission and hence the 
climate change, as global warming, are still 
unclear in several regions, especially in the 
ocean. The Tropical and Subtropical South 
Atlantic Ocean (20°N - 40°S) h as a crucial role in 
the interactions between the ocean and the 
atmosphere and for marine ecosystems, as it 
receives nutrients from the biggest discharger 
rivers and has large upwelling systems, for 
example. 
 
Therefore, the main goal of this study was to 
analyse how the biogeochemical variables in 
surface layer (~ 80 m), such as seaïair partial 

pressure of carbon dioxide difference 
(æpCO2(sea-air)), dissolved inorganic carbon 
(DIC), pH, plankton biomass and export of 
carbon, change between 2000 and 2100 under 
the emissions established by the IPCC RCP 4.5 
and RCP 8.5 scenarios, at the Tropical and 
Subtropical South Atlantic Ocean. 
 
We conducted three experiments using cGENIE 
(carbon-centric Grid Enabled Integrated Earth), 
an Earth System Model with intermediate 
complexity and modular structure (Ridgwell, 
2017), and its ecosystem component ecoGENIE, 
which considers plankton size through 
physiological and ecological conditions and, thus, 
is based on more detailed and realistic biological 
processes (Ward et al., 2018). 
 

1. No forcings (NOF) ï The model runs with 
the preindustrial configuration without 
any other extra boundary conditions 
besides   Ward et al. (2018). 
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Figure 24: Time series from 2000 to 2100 for (A) dissolved inorganic carbon (DIC), (B) seaïair partial pressure of carbon 
dioxide difference (æpCO2(sea-air)), and (C) pH, under the Intergovernmental Panel on Climate Change (IPCC) Representative 
Concentration Pathway (RCP) 4.5 (blue) and RCP 8.5 (red) scenarios.      

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Figure 25: Maps showing the distribution of plankton carbon biomass (BIOM, top) and export (TEC, bottom) differences between 
2100 and 2000 for the Intergovernmental Panel on Climate Change (IPCC) Representative Concentration Pathway (RCP) 4.5 
and RCP 8.5 scenarios. 

(Figure 24B). Additionally, a decrease in pH to 
7.92 and 7.73 is projected for RCP 4.5 and RCP 
8.5, respectively (Figure 24C). It also suggests a 
decrease in plankton biomass and export of 
carbon by 2100 (Figure 25), also a decrease in 
all plankton size classes except for the 0.6 µm of 
phytoplankton. 
 
Therefore, the model indicates scenarios of 
acidification and reduced carbon export, 
potentially weakening the biological pump, with 
more severe effects under the RCP 8.5 scenario. 
 
 

2. RCP 4.5 ï IPCC RCP 4.5 setup predicts 
an atmospheric CO2 concentration of 
537.6 ppm by 2100. 

3. RCP 8.5 ï IPCC RCP 8.5 setup predicts 
an atmospheric CO2 concentration of 
924.9 ppm by 2100. 

 
The model suggests an increase in DIC by 2100 
under both RCP 4.5 and RCP 8.5 scenarios 
(Figure 24A). It predicts a change in æpCO2 
values from 6.49 µatm for NOF to -1.44 µatm 
under RCP 4.5 and -19.82 µatm under RCP 8.5 

A 
 

B 
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Recent advancements in climate modeling have 
significantly improved our understanding of 
sulfate aerosols' dual role in shaping Earth's 
radiative balance and cloud systems. This 
research addresses critical gaps in simulating the 
sulfate aerosol evolution, their direct radiative 
effects, and indirect interactions with clouds - an 
area of paramount importance for refining climate 
projections and informing global policy. 
 
First, we made improvements to the climate 
model of the Institute of Numerical Mathematics 
(INM RAS), focusing on the natural formation of 
sulfate aerosols from oceanic dimethyl sulfide 
(DMS). By integrating DMS concentration 
datasets obtained using an artificial neural 
network and recalibrating the parameters of the 
marine air flow, the model has achieved 
unprecedented accuracy in reproducing the 
optical thickness of an aerosol (AOT) in remote 
marine areas. It is noteworthy that taking into 
account the limitations associated with the ice 

cover - limiting DMS emissions in ice - covered 
grid cells - and the revised precipitation 
absorption coefficients have eliminated long-
standing overestimations of AOT in the polar 
regions. 
 
These innovations have shown that natural 
sulfate aerosols account for up to 37% of the 
radiation forcing effects (RFE) to the Southern 
Ocean in January, calling into question the 
traditional focus on anthropogenic sources. 
Worldwide, natural aerosols account for 20% of 
annual atmospheric pressure (-0.36 W/m2 in 
2005), while anthropogenic emissions 
predominate in industrial latitudes (-0.7 W/m2) at 
25°- 45° north latitude (Figure 26). This 
conclusion highlights the underestimated role of 
marine biogenic processes in climate dynamics 
and calls for a reassessment of the contribution 
of natural aerosols in the Intergovernmental 
Panel on Climate Change (IPCC) estimates 
(Chubarova et al., 2021). 
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Figure 26: (a) Zonally averaged radiative effects (W mï2) of sulfate aerosols of natural and anthropogenic origin, RFE (n + a), 
and only natural RFE (n); (b) Aerosol Optical Thickness (AOT) of sulfate aerosols of different origins (legend is the same); and 
(c) Fraction of natural aerosol in January, July, and over the year. 

 

Next, we quantified the indirect effects of sulfate 
aerosols on cloud microphysics and radiation. 
Due to the introduction of aerosol-cloud 
interaction in Institute of Numerical Mathematics 
Coupled Model (INMCM), the study relates the 
mass concentrations of sulfates to the numerical 
density of cloud droplets through exponential 
parameterisation. This approach reflects the 
observed trends in the spread of clouds. The 

ratio of cloudy to clear-sky solar radiation (CQ) is 
particularly relevant for Europe, where 
decreasing anthropogenic emissions since 1980 
have increased surface solar radiation by 7% per 
decade. The model demonstrates that reduced 
sulfate levels decrease low-cloud droplet counts 
by 5 cmϖ² and the cloud fraction by 0.07, 
increasing net radiation at the top of the 
atmosphere by 20-30 W/m² during summer. 
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Conversely, increasing emissions in China 
suppresses CQ by 0.05-0.1, highlighting regional 
differences in aerosol effects (Figure 27). 
Globally, indirect radiative forcing from 
anthropogenic sulfate aerosols is estimated at -
0,13 W/m², aligning with IPCC estimates, but 
lower than previous projections. This study 

bridges critical gaps in the ability of INMCM 
model to replicate regional cloud trends, 
providing actionable insights for policy makers 
balancing improvements in air quality with 
unintended warming from reduced aerosol 
cooling (Poliukhov et al., 2022). 

Figure 27: Change in the cloud transmission in Institute of Numerical Mathematics Coupled Model version 48 (INMCM48, 2005 

minus 1980) and the European Centre for Medium-Range Weather Forecasts Re-Analysis (ERA)-Interim (2004-2006 minus 

1979-1981) in summer for (a) Europe, (b) China, and (c) the East Coast of the United States. 

 

Our work helps to eliminate spatial and seasonal 
errors in sulfate modeling, in particular, the 
relationship between natural aerosols formed 
under the influence of DMS and industrial 
emissions. They provide a reliable basis for 
predicting reverse climate change in vulnerable 
polar and marine ecosystems. The integration of 
ice sheet dynamics and cloud microphysics 
expands the mechanistic understanding of the 
radiatiive effects of aerosols, while the focus on 
regional heterogeneity (for example, increasing 
brightness in Europe and dimming in China) 
serves as the basis for the development of 
individual climate change adaptation strategies. 
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Marine aerosols, originating from natural and 
anthropogenic sources, play a role in influencing 
Earth's climate by affecting the atmospheric 
radiative budget and acting as cloud 
condensation nuclei (CCN) and ice nuclei 
(Rinaldi et al., 2010). The ocean contributes to 
aerosol formation, emitting primary aerosols and 
secondary aerosol precursors. Secondary 
aerosols are formed through gas-to-particle 
conversion, including volatile organic compound 
oxidation (Cochran et al., 2017). Water-soluble 
organic carbon (WSOC), a key component of 
primary and secondary marine aerosols, impacts 
aerosol hygroscopicity and CCN activity, 
influencing cloud formation (Miyazaki et al., 
2016). Long-term measurements of WSOC in the 
marine atmosphere are limited, leaving seasonal 
variations, formation pathways, and chemical 
composition poorly understood (O'Dowd et al., 
2004). 
 
Research on organic aerosols is predominantly 
conducted in the northern hemisphere (Decesari 
et al., 2000; Cavalli et al., 2004; Rinaldi et al., 

2009), where anthropogenic influences are 
strong. The Cape Point Global Atmosphere 
Watch (GAW) station, situated in the southern 
hemisphere (34°S, 18°E, 230 meters above sea 
level), provides a unique opportunity to study 
marine aerosols in a relatively pristine 
environment. An eight-month aerosol sampling 
campaign at the Cape Point GAW station 
investigated the temporal variation and sources 
of WSOC. Air mass back trajectory analysis, 
coupled with 222Rn and carbon monoxide 
observations was used to classify air masses into 
marine, continental, or mixed sources. 
 
Size-segregated aerosol samples were collected 
from April to November 2018 using a high-
volume air sampler with a five-stage cascade 
impactor, used to separate coarse (>1 µm) and 
fine (<1 µm) modes. Samples were collected 
weekly and stored at -20 °C until analysis. A 
sector controller was deployed during select 
periods to exclude continental air masses and 
limit sampling to marine air masses. Aerosol 
WSOC concentrations were determined using a 
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total organic carbon (TOC) analyser. Satellite 
chlorophyll-a and fire detection were used with 
an air mass back trajectory model, to correlate 
WSOC concentrations with marine biological 
activity, biomass burning and continental 
pollution events. 
 
Fine mode WSOC concentrations ranged from 
0.03 to 2.5 µg/m³, while coarse mode 

Figure 28: Water-soluble organic carbon (WSOC) concentrations measured at Cape Point Global Atmosphere Watch (GAW) 

station from 16 April to 11 November 2018. Measurements are differentiated by aerosol size fraction: coarse mode (blue) and f ine 

mode (orange). Symbols represent different air mass classifications: marine (star), modified marine (square), continental (circle), 

and continental fire events (cross). The variation in WSOC concentrations highlights the influence of different air mass orig ins on 

organic aerosol concentration. 

 

concentrations were lower, ranging from below 
detection limits to 1.2 µg/m³ (Figure 28). The 
average fine mode concentration was 
significantly higher (p<0.01) than coarse mode, 
with the smallest size fraction (<0.49 µg) having 
the highest WSOC concentrations, indicating a 
strong contribution from secondary organic 
aerosol formation pathways. 
 

Cape Point WSOC concentrations were higher 
than some remote marine sites but lower than 
other coastal stations (Figure 29). Continental air 
masses significantly increased WSOC 
concentrations at Cape Point due to urban 
emissions and biomass burning. Marine-derived 
WSOC was comparable to ship-based 
observations, suggesting marine biogenic 
sources (O'Dowd et al., 2015).  

 
This study highlights the variations and sources 
of size-resolved WSOC in the marine 
atmosphere at Cape Point GAW station. Fine 
mode aerosols dominate WSOC concentrations, 
with source contributions from biomass burning, 
anthropogenic pollution, and marine biological 
activity along the coast. 
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    Figure 30: A: Study area (bounded by the red rectangle) and B: considered processes in the ocean and at the air-sea interface.

The work presents the results of coupled 
modeling of the atmosphere, ocean, sea waves 
and sea ice with the modified version of the 
COAWST (Coupled-Ocean-Atmosphere-Wave-
Sediment Transport) model for several episodes 
of the strong Novaya Zemlya orographic winds in 
the Russian Arctic (Figure 30A). Orographic 
winds on the western side of the Novaya Zemlya 
archipelago (including downslope windstorm, gap 
winds and tip jets) are very frequent (138 days 

per year) and strong: wind speed exceeds 20 
m/s in 25% of cases and 30 m/s in 4% of cases. 
Turbulent air-sea energy exchange is very 
intense during these orographic winds. The 
coupled modelling of such events helped in 
understanding the role of coupling in heat 
exchange, on the one hand, and the influence of 
orographic wind itself on some important 
processes in the ocean, presented in Figure 30B, 
on the other hand. The analysis of a series of 

A B 
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Figure 31: Dense water formation during downslope windstorm: A: Composite mean change in water density (kg/m3) during 
episodes of orographic winds; B: TS-diagram for episode from 29 December 2016 ï 1 January 2017 for experiments fully 
accounted for (''AWO''), partly accounted for (''LowRes'') and without (''Flat'') orographic effects (letters ''A'' and ''B''  correspond to 
the areas marked in Figure 29A; the position of ''A1'',''B1'' and ''A2'',''B2'' on the diagram marks the initial and final states of the 
water masses, respectively). 

numerical experiments with the coupled model 
revealed the following interesting results. The 
two-way coupling of atmosphere and sea waves 
contributes most in a significant increase in 
turbulent heat fluxes in the coastal zone (due to 
formation of steep young waves), and the 
magnitude of the fluxes strongly depends on the 
choice of parameterisation of the roughness 
length. At the same time, the effect of coupling 
the atmosphere and ocean models, as well as 
the choice of parameterisations of wind input in 
the wave model and vertical mixing in the ocean 
model on turbulent heat fluxes is small. 
Sensitivity tests show that in experiments with 
flat topography (i.e., without orographic effects), 
the ocean, if spatially averaged, releases less 
heat into the atmosphere and the total turbulent 
heat exchange is weakened by 15% compared to 
the experiment with realistic terrain. At the same 
time, near the coast the exchange of heat and 
momentum between the ocean and the 

atmosphere is intensified several times due to 
orographic winds, which leads to an 
intensification of the coastal current and the 
formation of dense water (Figure 31). These 
results point to the fact that salinity and density of 
coastal waters and ocean heat content will be 
systematically underestimated if not accounting 
for the orographic effects of Novaya Zemlya (i.e. 
in a situation with very coarse spatial resolution, 
corresponding to climate models or coarse 
reanalyses). 
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Phytoplankton require nutrients to function, e.g. 
copper (Cu), cadmium (Cd), zinc (Zn), 
manganese (Mn) and iron (Fe) (Morel et al., 
2003). However, these nutrients and metals, e.g., 
lead (Pb), may become detrimental (Echeveste 
et al., 2012) above threshold concentrations. 
Dust may supply metals to marine environments 
via e.g., wind (Poulton & Raiswell, 2002). 
 
This study aims to investigate the impact of dust 
loads, and metal content in dust, on 
phytoplankton near southern Africa. A dataset on 
metal content and composition in dust (Figure 
32) was compiled for local southern Africa, and 
compared to concentrations of metals in marine 
waters near southern Africa (Figure 33) to 
assess extent of potential impact. From these 
datasets, high metal masses in Saldanha Bay 
dust were evident, while the concentration of 
metals present in marine waters near southern 
Africa was average. 
 
Toxicity incubation experiments on coastal 
marine phytoplankton communities using dust 
from local Saldanha Bay, with natural and 
anthropogenic origins, will be conducted. Here, 

Figure 32: Metal masses of cadmium (Cd), copper (Cu), 

iron (Fe), manganese (Mn), lead (Pb) and zinc (Zn) in dust 

from Saldanha Bay, South Africa. 
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either (a) dust or (b) individual metals in 
concentrations simulating the collected dust, will 
be added to the phytoplankton community in 
natural seawater incubations. 
 
These extensive datasets and incubation 
experiments may answer the question of whether 
dust and its metal content in coastal southern 
Africa have positive (fertilising) or negative (toxic) 
impacts on phytoplankton. 
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Figure 33: The concentration (nM) of dissolved copper (Cu),  

cadmium (Cd), zinc (Zn), manganese (Mn), iron (Fe) and 

lead (Pb) in marine waters near southern Africa at different 

water depths. 
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    Press conference recording: https://www.youtube.com/live/D6azQChCrBM?si=OimaLWQQImg45uev 
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Source: https://timesofindia.indiatimes.com/city/goa/india-to-host-9th-ocean-science-conference-in-goa 
/articleshow/115147083.cms 
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